Fusion bead method produces homogeneous samples and is suitable for analysis using fundamental parameter (FP) method in XRF. This report describes a FP method for the analysis of non-oxide samples such as metals made into fusion beads.
INTRODUCTION
The fusion bead method is an effective mean to remove inhomogeneities in powder samples such as mineralogical and grain size effects, which can cause analysis errors in XRF. In general, empirical calibration method with corrections using influence coefficients is utilized for the fusion bead method (ISO9516-1: 2003(E) ). In this case, effective corrections coefficients can be obtained by the FP method. There have been reports on analysis of ores by empirical calibration method, This document was presented at the Denver X-ray Conference (DXC) on Applications of X-ray Analysis.
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Usage is restricted for the purposes of education and scientific research. in the software calculation. This report describes an FP method, which takes sample weight changes such as GOI, and LOI into consideration, and an example applying this method to ferroalloy samples is presented.
WEIGHT CHANGE OF NON-OXIDE SAMPLE IN FUSION
When non-oxide samples are fused, all metallic elements are oxidized. Therefore, actual compound and concentrations have to be interpreted in the FP method. The three important points of non-oxide sample analysis with FP method are shown below. 
Volatile elements such as carbon do not exist in fused bead
Concentrations of volatile elements such as carbon in ferroalloys are considered as LOI and are corrected in the FP method. 
QUANTIFICATION CALCULATION IN FP METHOD
There are two important calculation procedures in the FP method.
Concentration calculation
The concentration at which measured and theoretical intensities match are obtained iteratively in 
Theoretical intensity calculation
The theoretical intensities of fluorescent X-rays are calculated for given concentrations based on fused bead. The concept of concentrations as oxides based on fused bead is shown in Figure 3 .
The bead based concentrations as oxides are utilized in the theoretical intensity calculation. W J is sample based concentration and C J is bead based concentration. The three equations below are the concentrations of the sample component C J , flux C F and remaining oxidizer C X . R X is the weight ratio of oxidizer left in the fused bead to sample, and R F is the weight ratio of flux to sample.
The important point is that W total is the summation of all oxide concentrations excluding LOI. In addition, changes in sample weight such as LOI, GOI and oxidizer during fusion must also be considered in concentration calculation. and oxidation reagent were pre-oxidized in a crucible by heating at about 500-600 °C for 2 hours prior to fusion. The oxidation reagent was prepared by blending Li 2 CO 3 , Na 2 CO 3 and KNO 3 in equal weight. The weights of the flux and the mixture of the oxidation reagents were 4.0 g and 1.8 g respectively. The sample weights for FeSi were 0.16g (flux ratio = 25), and 0.10g for FeMn and SiMn (flux ratio = 40). To evaluate flux ratio correction, two additional FeSi samples with 0.24g (flux ratio = 16.7) were prepared. The fusion temperature was 1200 °C. Eight elements; Si, Mn, Fe, Ni, Cr, Ca, Al and Mg were measured using the Kα lines for all elements. 17 standard samples of 3 types of standard reference materials were analyzed. The materials are listed in Table 1 and the concentration ranges of the standard samples are tabulated in Table 2 .
The measurements were performed using a Rigaku sequential WDXRF spectrometer ZSX PrimusII with a Rh target end-window X-ray tube. The samples were measured at 50kV and 60mA for all elements. Counting time for Mg and Al is 40 seconds for peak and 20 seconds for each of the two backgrounds. Counting time for Fe peak is 20 seconds. Counting time for the other elements is 20 seconds for peak position and 10 seconds for each of the two backgrounds.
A LiF(200) analyzing crystal was used for the elements Ca, Ti, Cr, Mn, Fe and Ni. PET was used for Si and Al, and Ge(111) crystal was used for P. A scintillation counter was used for all the heavy elements from Ti and a gas flow proportional counter was used for all the light elements. 
SENSITIVITY CALIBRATION
The sensitivity calibrations for Si-Kα and Mn-Kα are shown in Figure 4 and Table 3 . Calibration accuracies of 8 elements as oxides Table 4 . Calibration accuracies of 8 elements as elements in ferroalloy
RESULTS
The analysis results for the high carbon ferroalloys by the newly developed FP method are compared with the results obtained by an empirical calibration method in Table 5 . In the empirical calibration method, the alpha corrections of matrix components and flux ratio correction were applied but LOI correction was not applied. The table lists the results for three major elements of three different samples. The first sample (DH SL23-11) contains 8.31% of carbon and the third sample (DH SL01-07) was prepared by different flux ratio of 40. The deviations in the FP method are much smaller than for the empirical method, especially for high concentrations. 
CONCLUSION
The results demonstrate that the three types of ferroalloys with a wide range of composition including high carbon ferroalloys can be accurately analyzed by the fusion method using the newly developed FP method. This method corrects for the effects of large GOI by oxidation of metallic elements and LOI by volatile element such as carbon. This method can be applied to other non-oxide samples such as sulfides and carbides.
